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ABSTRACT 
Chickpea (Cicer arietinum), grown on about 10 million ha annually, is the world's third most 
important ju!se crop. Although its breeding history is short, considerable progress has been made in 
cultivar improvement. Breeding cultivars with resistance to freezing, Fusarium oxysporum f.sp. 
ciceris, Ascochyta rabiei and Helicoverpa armigem, and for short duration are examples of suc- 
cesses. Yield stability has increased and yield gains of 1.6% per annum have been achieved. In the 
West Asia and Mediterranean region, drought avoidance by winter sowing has been achieved by 
incorporating disease resistance and changing the sowing date. This has resulted in a 75% yield 
increase. A 20% yield increase was recorded in peninsular India because of the extra-short duration. 
The prospects for additional gains from breeding are good. Desirable traits include resistance to 
high temperature, salinity, Botrylis cinerea. Sclero~ium[Corlicium] roysii, Liriomyza cicerina and 
stunt caused by bean leaf roll luteovirus. Attention should also be given to the problems of chilling 
and lodging in the most productive chickpea-growing areas. The possibilities of applying new 
biotechnological methods for genetic improvement, part~cularly the use of interspecific crossing, 
micropropagation, somaclonal variation, and isocnzyme and restriction fragment length polymor- 
phism (RFLP) mapping, are discussed. 
INTRODUCTION 
Chickpea, after dry bean and dry pea, is the third most important pulse crop in the world. It is grown 
annually on about 10 million ha, and produces on average 650 kg/ha. It is an ancient crop; its oldest 
remains, found at  Hacilar in Turkey, date back to 5450 BC. No other pulse is used in as many ways as 
chickpea. The leaves may be eaten as a vegetable, a refreshing drink can be prepared from the plant 
exudates, the green seeds may be consumed raw, roasted or boiled, and the dried seeds can be used to 
prepare an amazing array of different dishes. Most of the seed is used for human consumption, but 
some is fed to animals (to pigs, for instance, in Mexico). Animals also like chickpea hay. No other 
crop is covered on all its surfaces with an acid exudate and few have, possibly as a consequence, so few 
insect problems. 
Two types are usually distinguished within the species C.  arierinum: the small- and brown- 
seeded desi, and the large- and white-seeded kabuli, the garbanzo blanco bean of international 
commerce, and a favourite component of salads. 
Chickpeas, mainly desi, are widely cultivated in the Indian subcontinent. However, West Asia is 
also an important producer, of kabuli mainly, and Turkey is the top producer in the region. The 
Mediterranean countries of Asia, North Africa and Europe have been famous for their kabuli 
chickpea from ancient times, but in Europe the production has dwindled over the past 25 years. 
Attempts, however, are now being made to revive it. In some parts of the world, chickpea production 
has shown rapid and unexpected increases within the past 10 years. For instance, the area under 
chickpea in Australia has increased from 6000 ha in 1985 to an estimated 150 000 ha in 1990. The 
largest producer of chickpea in Africa is Ethiopia, where there are approximately 180 000 ha of the 
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crop, mainly desi. In the Americas, Mexico is the top producer and grows an estimated 140 000 ha of 
chickpea annually, with equal amounts of desi and kabuli. 
The fact that mean world chickpea yields over the years 1961-63, 1976-78 and 1986-88 were a 
rather steady 613, 682 and 700 kg/ha leads one to question what progress research on chickpea, 
breeding included, has made. Before answering, it must be realized that the history of chickpea 
breeding is relatively short (Singh, 1987). 
Early in the 20th century, a modest beginning was made to breed chickpea in India, but only 
from 1966, when the All India Coordinated Pulses Improvement Project (AICPIP) was initiated, has 
there been a concerted national effort to improve chickpea. Morocco, Tunisia, Spain, Greece, Turkey 
and Italy began chickpea improvement before the forties, but the scope of their programmes 
remained small. In Mexico, the history of chickpea breeding goes back to 1958; it was the first 
country to develop a wilt-sick plot to screen chickpea for resistance to fusarium wilt. Ethiopia 
initiated its chickpea breeding in 1967. The International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT) a t  Patancheru, India, became involved in chickpea research in 1972 and the 
International Centre for Agricultural Research in Dry Areas (ICARDA) at  Tel Hadya, Syria in 
1977. Recent work reported from Canada and the USA involves analysis of isoenzyme and RFLP for 
chickpea breeding, and the development of high density gene maps has begun. 
Much of the chickpea breeding research literature is in Indian journals, but significant reports 
have appeared in other international journals. The International Chickpea Newsletter, issued from 
ICRISAT since 1979, informs readers twice a year about the latest developments in chickpea 
improvement. CAB International (formerly the Commonwealth Agricultural Bureaux), in associa- 
tion with ICRISAT, began publishing in March 1988 the quarterly CAB prompts series for chickpea 
and pigeonpea as a current awareness publication for timely dissemination of research findings. 
PROGRESS IN CHICKPEA BREEDING 
Smithson et a [ .  (1985) described the breeding advances made in  chickpea research at ICRISAT and 
suggested that the main reason for the stagnation in chickpea production (Fig. 1) was its yield 
instability. Since then, the constraints leading to yield instability have been further analysed and 
ranked to obtain a global picture of major problems and their distribution (Table I ) ) .  Breeding 
efforts have been directed towards the alleviation of these constraints, both abiotic and biotic, to help 
achieve the main objectives of stable high yield and quality. This work is discussed in the following 
sections. 
Three years' world means of chickpea 
production and yield during 1961-1988 
61+3 66-60 71-73 76-76 81-83 86-88 
Y e a r s  
Proauct~on (MT) ,fiela (kg/ha: 
Source: FA0 Production Yearbook 1962-89 
Fig. 1. World production and yield of chickpea from 1961-63 to 1986-88. 
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Table I. Rnnklng of dealrablr characters for chickpea in d~ffercnt zones of the world. 
Stahle, hlgh yield 
Gwxl sced quality 










Abiotic Spring Winter 
Drought 1 1 I I - 
Salinity 3 3 2 - - 
Exce~sivc mo~sture - 4 5 - 2 
High temperature 2 2 4 2 - 
1.o~. temperature - - 3 - I 
-. .-
* In case ol ep~dernics, the crop damage IS scvere. 
+ required. 
- not rcqulred. 
? uncertain. 
Source: van Rhcenen (1991) 
First, the abiotic constraints, van Rheenen er al. (1990) distinguished between abiotic stresses, 
where cultural practices have little effect, such as temperature extremes, and those where cultural 
practices can bc effective in alleviating the stress, for instance drought, and they discussed these 
accordingly. In this review, the ranking shown in Table I is followed, and a more holistic approach 
adopted. 
1. Drought 
Chickpea is commonly grown on residual moisture, and this practice is probably the main reason for 
the world's low and variable yield (Fig I ) .  The mean yield and its CV from 1961-88 were 642 kg/ha 
and 11%. For rainfed chickpea, the following options seem to be open to alleviate drought stress: 
I .  sowing during the rainy season, 
2. growing short-duration cultivars, 
3. using drought-resistant cultivars. 
These options will be discussed in detail, since they are concerned with the foremost problem: 
drought. 
(a) Chickpea as a rainy season crop 
In West Asia and the Mediterranean region (zone D in Table I), chickpea is usually sown in the 
spring and grows on residual moisture from winter rains. In regions of zones A, B and C, chickpea is 
commonly sown in the autumn on residual moisture from the summer rains. To grow a rainy-season 
crop, zone D needs to change from spring to autumn sowing, and zones A and B from autumn to 
summer sowing. Transition zone C is the highest in production, and requires no change. The 2 
situations have similarities, but also differ considerably as will become apparent. 
(b) From spring to autumn sowing 
(zone D in Table 1) 
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The idea of sowing chickpea in the autumn to use the scarce winter rains must have occurred to 
farmers in zone D as it did to ICARDA's scientists. However, a disease of little significance for a 
spring-sown crop posed a serious threat to an autumn-sown crop. The disease is ascochyta blight, 
caused by the fungus Ascochyta rabiei. 
In a search for resistance to this disease, more than 13 000 germplasm accessions were screened 
at  ICARDA and 17 genotypes identified as resistant. These have been used in breeding programmes 
and the resulting cultivars have helped to stabilize production and increase yield by about 75%, a 
spectacular success indeed (Nene and Reddy, 1987). Apart from ascochyta blight, winter cold also 
endangered the autumn-sown crop. An extensive screening, breeding and research programme 
resulted in the development of freezing resistant lines (Singh, et a l . ,  1989). One need only see the 
dramatic direrences in resistance to ascochyta hlight and to frost damage to appreciate this breeding 
achievement (Fig. 2). 
(c) From autumn to summer sowing 
(zones A and B in Table I )  
The idea of sowing chickpea in summer to use the summer rains must also have occurred to 
farmers in mnes A and B. Here again, a discase of little significance for an autumn-sown crop 
threatened the summer-sown chickpea. The disease is colletotrichum blight, caused by C'olleto- 
trichum dematium. 
Apart from colletotrichum blight, waterlogging and high temperatures may also exert adverse 
erects on summcr-sown chickpea. Research at  ICRISAT has shown that rain as such does not harm 
the vegetative growth of a well-drained chickpca crop; that genotypic differences for resistance to 
colletotrichum blight cxist; and that advancing the sowing dale by I month can increase the yield by 
25'51. Under low-fertility conditions and without insect control, a yield of 1.5 t /ha was recorded when 
the sowing date was advanced by 1.5 months in 1989 (Singh et al . ,  1990b; van Rhccncn, 1991). 
:d) Short-duration chickpea 
The maturation period for chickpea, growing on residual moisturc, is closely related to the number of 
days from sowing to flowering. Thc earliest-flowering chickpca cultivar in the International Chickpea 
Germplasm Collection of approximately I h 000 ;iccessions maintained at  ICRISAT is ICCV2, a 
kabuli cultivar (Fig. 3 ) .  It was rcleased in 1989 in the state of Andhra Pradesh, India, as Swetha, and 
has proved popular elsewhere, e.g. in Myanmar. Swctha was selected from a cross involving 5 
parents, and combines the desirable traits of extra-short duration, resistance to fusarium wilt and 
relatively largc seed size, the most important being thc cxtra-short duration as it enables the plants 10 
escape drought. In non-irrigated on-farm trials in thc state of Maharashtra, India, Swetha flowered 
about 2 weeks earlier than the control varieties, outyielded these by 20% in 1988/89 and gave a mean 
yield of 860 kg/ha (Fig. 3 ) .  This cultivar represents a significant contribution to the crop's stability 
through its flexibility in sowing date, its potential for crop rotation, and its short duration of 75 days 
in which time it can produce 1 t of seed per ha. Subsequent efforts to develop desi varieties of similar 
duration hevc produccd the varieties ICCV88201 and ICCV88202, and work in this direction has 
been further intensified. 
(e) Drought-resistant chickpea 
Screening of gernlplasm accessions under irrigated and non-irrigated conditions enabled Saxena 
(1987) to identify 2 drought-resistant lines, ICC4958 and ICC10448. An interesting observation was 
that ICC4958 exceeded the well-established cultivar of peninsular India, Annigeri, by 30% in root 
volume and yielded 360 kg/ha (72%) more than Annigeri's yield of 500 kg/ha. At 1700 kg/ha the 
varieties were at par in yield, and beyond this Annigeri began to exceed ICC4958 in productivity. A 
diversified bulk population breeding method is being followed for cross populations, with ICC4958 as 
one 01 the parents, to widen the adaptation of drought-resistant selections. 
2. Temperature constraints 
Three different temperature regimes are harmful to chickpea. The temperature can be too low (0°C) 
and freeze the crop; it can be over O°C, but still so low (0-5°C) that it causes chilling of the plant and, 
consequently, flower drop and pod abortion (Buddenhagen and Richards, 1988). Finally, it can 
become too warm (>30°C) for optimal growth and development. I will discuss these 3 cases 
separately. 
(a) Freezing temperatures 
Chickpea sown in the autumn in West Asia and the Mediterranean region may encounter severe 
winter cold. Monthly minimum temperatures at Tei Hadya, Syria, for instance, may be as low as 
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about -10°C. Under such conditions, Singh er 01. (1989) identitied 73 germplasm lines from a 
collection of 2526 that were tolerant of such temperatures. Percentage-wise, Morocco. India and 
Chile had more resistance in their collections than other contributing countries such as Afghanistan, 
Algeria, Turkey and the USSR, Inheritance studies revealed that resistance to freering was domi- 
nant. and that i t  was controlled by at least 5 genes with both additive and non-additive effects and 
high heritability estimates (Singh er a[. 1989). In the breeding programme at Tel Hadya, segregating 
populations and progenies are sown in advance of the recommended date. and plants or lines that 
suffer cold injury are rejected. This procedure has resulted in the selection and release of several low- 
temperature resistant cultivars (Fig. 2) .  
(b) Chilling temperatures 
Chickpea in Lone C (Table I )  is usually autumn-sown, and temperatures below O°C are rare. 
However, minimum temperatures do reach from 0 to 5OC and can cause llower ahortion. Chickpea 
breeders and physiologists searched for germplasm lines that could retain llowers and set pods under 
these conditions. Eventually, in 1980/8 1 at the ICRISAT Cooperative Research Station at Hissar, in 
northern India, a few plants Were ohserved in F,  segregating populations that showed pod formation 
at low temperature. Breeding, using this material, has progressed well and the lines produced hold 
promise not only for chilling resistance but also for earliness, and therefore have the potential to 
escape foliar disease and pod-borer ( H ,  ormiguru) attack. In addition, the plants show less profuse 
vegetative growth than normal types and are less liable to lodge under good growing conditions 
(Saxena er a / . ,  1988; ICRISAT, 1989 and 19'90). This may lead to ;I breakthrough in chickpea 
production in a Lone where the crop seems to be very well adapted. 
(c) tligh temperatures 
I t  is generally agreed that temperatures above 30°C are harmful to the crop, especially durlng the 
reproductive. stage. However. the literature contains little of practical relevance in this area and 
information on screening for heat resistance is almost non-existent. At ICRISAT, some screening for 
heat rcsistancc is being done by sowing chickpea in January to expose plants to high temperatures 
(range daily maximum tcmperaturc 33-39°C) in the March-April period. In 1990, one triitl entry 
gave a yicld as high as 1.7 t/ha in such a screening test. This type of work deserves morc attention, as 
chickpea is a cool-season crop, but often has to cope with above optimal ten1per;itures 
3. Other abiotic constraints 
Chickpea is very sensitive to salinity, and although genotypic differcnccs have been ohservcd, the 
levels of resistance have been low. Some screening work is heing conducted at a few places hut only on 
a small scalc. Other soil factors, such as low pit and iron deficiency can alTect crop growth. For the 
latter, chickpea varieties have shown marked dilTerences in susceptibility, and during the course of 
breeding programmes lines showing severe iron chlorosis symptoms are discarded. 
Regarding biotic constraints, 47 diseases and 54 insect pests have been reported from chickpea 
(Singh el al., 1990a). Fortunately, only 6 diseases are of major importance, and 2 inscct pests are of 
serious concern. I will discuss in more detail those for which progress has been made in breeding. 
4. Chickpea diseases 
(a)  Fusarium wilt 
Fusarium wilt, caused by F. oxysporum f.sp. ciceris, is probably the most widespread disease of 
chickpea. Wilting of chickpea can be caused by many organisms, and chickpea wilt was earlier 
referred to as the wilt complex. The unravelling of this complex to its component parts, of which F. 
oxysporum is of major importance (Nene et al., 1978), is a significant success story. Inheritance 
studies of resistance to this pathogen (Singh er al., 1987) have contributed considerably to current 
success in breeding resistant varieties. Resistance to race I is controlled by 2 recessive and 1 partially 
dominant gene, which in any combination of 2 confer resistance. Many varieties now being released 
are resistant to fusarium wilt. 
(b) Ascochyta blight 
The blight caused by A, rabiei can be devastating in certain regions, but may be of little or no 
significance in others. For example, autumn-sown chickpea in northern Pakistan, north-western 
India, West Asia, northern Africa and southern Europe can be severely damaged by the disease, but 
in Mexico, Ethiopia and South Asia it poses no problems. Extensive screening and breeding for 
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ascochyta blight resistance has helped to alleviate the disease stress in West Asia, the Mediterranean 
region, Pakistan and northern India (Reddy et a/., 1990; Singh er a/., 1990a; Malik et a/., 1988). 
Studies of the inheritance of ascochyta-blight resistance report dominant and recessive single gene 
control (Singh and Reddy, 1989) but genetic control of resistance is probably much more complex 
than suggested in current literature (Gowen er a/., 1989; Malik, B.A., 1990: personal 
communication). 
(c) 0thkr diseases 
There are several other fungal diseases such as botrytis grey mould, caused by B. cinerea; dry root rot 
(Rhizoctonia ba~aticola[Macrophomina phaseolina] and collar rot (Sclerotium[Corticium] roljsii) 
that can seriously damage chickpea in some locations in some seasons. Resistance breeding has been 
initiated and results are forthcoming, but the work is still in its infancy. The same applies to nematode 
and viral diseases (Greco and Sharma, 1990; Kaiser et al., 1990). For instance, screening and 
breeding for resistance to chickpea stunt has resulted in the development of resistant lines (Nene, 
1988), but more needs to be known of the causal agent(s) and their mode of transmission (D.V.R. 
Reddy, 1990: personal communication). 
5. Insect pests 
There are 2 major chickpea pests, the pod borer H. armigera and the leaf miner L, cicerina. The 
former has a world-wide distribution while the latter is restricted to areas in zone D (Table 1). 
(a) Helicoverpo pod borer 
This pest attacks chickpea from the seedling stage to near maturity and can cause severe damage. At 
ICRISAT, insecticide sprays gave mean values over 8 years of 12% less pod damage and 21% more 
yield in large chickpea plots. The story of the search for host-plant resistance against the pod borer is 
fascinating. ICRISAT's entomologists screened more than 14 800 germplasm accessions from 1984- 
90 in unsprayed areas. The first success came when young plants were noticed which retained part of 
their foliage when others were completely stripped of leaves by Helicoverpa. The best such accession 
was ICC506. Over 6 years, ICC506 showed a mean of 8.6% pod borer damageand yielded an average 
of 1.2 t/ha. Over the same period, the popular cultivar Annigeri suffered 29.9% damage and gave a 
yield of 1.0 t/ha (Reed er a/., 1987; Lateef and Pimbert, 1990). The national chickpea research 
programme in India identified many resistant lines, and recommended some for use as parents in 
crossing programmes (Sachan, 1990). One problem now overcome was the linkage between pod- 
borer resistance and susceptiblity to fusarium wilt. The line ICCL86102 combines the 2 resistances. 
Although biochemical factors are being studied for their contribution to insect resistance, results so 
far have not found practical application in breeding programmes (Rembold et a/., 1990) 
(b) Liriomyza leaf miner 
In West Asia, northern Africa and southern Europe, L. cicerina is the most important insect pest of 
chickpea. Resistance screening at  ICARDA of 6800 chickpea lines yielded 10 with consistently low 
leaf miner damage scores (Weigand and Tehhan, 1990). However, within the breeding programmes, 
resistance screening has still to be established as a routine practice. 
(c) Other insects 
Other insect pests harmful to chickpea include aphids and white grubs, but no breeding efforts have 
bee: undertaken so far to control these. As for storage pests, Callosobruchus spp. are the most 
harmful. Screening 6697 kabuli chickpea lines failed to detect useful resistance to this pest, but the 
wild species Cicer echinospermum was found to be free from seed infestation (Weigand and Tahhan, 
1990). A fortunate recent development is the successful crossing of C. arietinum X C. echinos- 
permum (ICARDA, 1990). 
6. Stable yield and high quality 
Chickpea breeding for yield and quality has utilized the various methods usually applied to self- 
pollinated crops. In addition to pure line and mass selection, breeders have used pedigree, bulk 
population and backcross breeding methods and combinations of these. Population improvement by 
recurrent selection is exceptional, but mutation breeding for yield has had an impact (Kharkwal, 
1989). Smithson (1985) mentioned that because of the ineffectiveness of visual selection for yield, 
and the magnitude of the genotype X environment interaction, ICRISAT changed from pedigree to 
bulk methods of breeding from 1978. The approach of multilocational early generation bulk yield 
testing was adopted and applied to F, and F, populations. Some other breeding programmes have 
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followed the same method (Dahiya et 0 1 . .  1984). However, Geletu (1987) from his study of F,-F, 
generations of 9 crosses, concluded that the yield correlations between generations was low, not 
justifying continuation of the elaborate method of mult~locational F,/F, yield testing, van Rheenen 
er a / .  (1991) proposed a method called polygon breeding, whereby segregating populations and 
selections are shared and exchanged between breeders. 
Saxena and Johansen (1990) believe that despite intensive breeding efforts, there has been no 
significant enhancement of yield potential of chickpea over the last 2 decades, and they recommend 
an ideotype approach for yield improvement. Others have estimated yield increases of 1.6% annually 
from breeding efforts (ICRISAT, 1990, unpublished report). Let us focus on one recent case of yield 
improvement for a variety listed by ICRISAT as ICCVIO and yield tested multilocationally in 2 
zones of peninsular India for 4 years: 1986187 to 1989190 (Fig. 4). This variety ranked first each year 
in both the Central and South zone trials; its mean yield increase over the control varieties in the 2 
zones being estimated at 21% in the Central zone and 16% in the South Lone trials; average yields 
were 2.0 t/ha in the Central zone and 1.8 t /ha in the South zone. The variety was developed from a 
cross between P2559 and the line F, (BN10 X NP34) in 1976. and the annual yield increase may 
therefore be estimated at 1.3%. This is only one example, but similar progress can be quoted from the 
national breeding programmes of India and other countries. Several avenues have been followed to 
achieve yield increase, such as hreeding tall or mid-tali types, desi X kahuli introgression, and 
employment of the double-podded and multiseeded characters, but such work may have to he pursued 
to bring forth the expected results (Bahl et a / . ,  1990). 
On quality I may be brief. Much research has been conducted and continues on the quality 
aspects of chickpea (ICRISAT, 1991), but for practical hreeding purposes it is mainly the seed 
appearance that is taken into account during the breeding process, while such quality factors as 
cooking time and protein content are tested on the elite material. 
7. Synthesis and summary 
Major yield increases have been reported, resulting from agronomic practices such as irrigation and 
weed control, and from the use of pesticides, discussion of which is beyond the scope of this mini- 
review. 
Chickpea breeding has been largely defensive in that it has aimed at incorporating factors that 
alleviate stresses. This has been and still is important as yield stability is the top requirement. Many 
cultivars have been bred over the years, and the number is increasing rapidly. Singh ( 1987) has listed 
159 cultivars, released from 1926 to 1984 from a range of countries. Several already have spccific 
stability factors. A major increase in yield of about 75% has been reported from West Asian and 
Mediterranean countries by breeding for a combination of ascochyta blight and freezing resistance, 
and by changing the date of sowing from spring to autumn. The trend towards shorter-duration 
chickpea in peninsular India has been beneficial in that yield increases of about 20% have been 
achieved. There has been a steady yield improvement, exemplified by the variety ICCVIO, with 
estimated 1.3% increase per annum. Several interesting and promising new approaches to chickpea 
improvement are being followed. I will discuss these in the section on prospects although some have 
been mentioned already. 
PROSPECTS FOR CHICKPEA BREEDING 
As we have seen, chickpea is subject to many stress factors, both abiotic and biotic; most of these have 
not been studied in depth, and many have received hardly any attention, for example, high tempera- 
ture effects, salinity, collar rot and nematodes. It must be remembered that chickpea's breeding 
history spans only a short period and therefore the prospects seem promising. Breeding for resistance 
to adverse factors is likely to be a rewarding task. Germplasm enhancement will need to receive more 
emphasis in this context. The use of chilling resistance for a major chickpea-production belt is to be 
further probed, promoted and consolidated. For the same areas, lodging resistance may contribute 
much to maximizing yield. The breeding of extra-short duration chickpea has just started to bear 
fruit with the release of cv. ICCVZ in 1989. It is anticipated that advances in this area will be rapid. 
Taking the crop out of the critical period of residual moisture by changing sowing date has been 
successful in West Asia, North Africa and southern Europe. This approach may also succeed in 
regions of lower latitude, thus opening areas more promising for yield and resistance breeding than 
the marginal areas used at  the present time. Mutation breeding as a tool to improve varieties for 
specific characteristics may contribute even more than it has done so far. The expected benefits from 
the application of biotechnology to chickpea have been described by van Rheenen et al. (1988). The 
main practical interests for the breeder are probably, at  the moment, interspecific crossing, 
somaclonal variation and micropropagation, although transfer of desirable genes by recombinant 
DNA techniques is his dream. The recently initiated work based on isoenzyme and restriction 
fragment length polymorphisms is imprtant ,  especially for the construction of saturated gene maps 
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that  show linkages with agronomically important characters that  a r e  hard to select for (Muehlbauer  
et al., 1990). 1 conclude that  the pathways leading to  progress a r e  many.  
I return now briefly to the question asked in the  introduction in connection with the steady yields 
over several years. Chickpea lacks the long breeding history and  scientific input that some other 
crops, particularly cereals, have received. Competition with the latter has  pushed chickpea onto the 
poorer land. However, signs of change a r e  evident from the recent progress described, and given a 
little more time the prospects for this pulse crop, which is gaining popularity worldwide, seem hopeful 
and encouraging. 
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Plant Breeding Absrracrs 1991 Vol. 61 No. 9 




coM resistance 8 126 
Collerorrichum raminicola 8 1 19 
Conrarinia sorgficda 8 I 19 
gene expression, phosphcenolpyruvate 
carboxylase 8 123 
genetic engineering, phosphoenulpyru- 
vale carboxylase 81 23, 
interspwific hybridization 8 1 18, 8 120 
polypioidy 8124 
Sphacelorheca so r~h i  8 1 28 
stress 7857 
tissue culture 8 125 
variety trials 8 1 19 
varieties 8 120 
Early Amber 81 26 
K441V 8126 
Kansas Orange. 8 126 
Zernogradskil Yantar' 8 121 
Zernogradskoe-3 81 26 
Zcrnogradskoe-53 8 128 
S o v g h I  rwkrcnse 
breeding 8 1 18 
ethyl methanesulfonate 8127 
induced mutations, salinity 8 127 
interspecific hybridization 8 1 18, 8 120 
mutagens 81 27 
varieties 8 120 
Mironwskaya-8 81 22 
Saosperirm (see also Sphacelorheca) 
Sew@ dste, Glycine max 8732 
Seykftn w a k  ptyvlrus, Gl.ycine max 
8740, 8743 
S p c i r g  (see Crop density) 
S p r i r h  (see Evolution) 
Spec* gravity, Pinus raeda 8563 






modifiers 85 15 
SHaerul iw (see also Cercospora) 
Spimcia eleracea, breeding 8604 
Spi- 
Rubus, raspberries 8497 
Ruhus idrwus, genetics 8497 
Spring a d  winter habit 
Hordeum vulgare, genetics 8089 
Triticum aesrivum 7907 
genetics 79 17 
Spar types, Pyrus comw~unis 841 5 
St*y 
Cucumis sarivus, yield components 
8626 
Fragaria ananassa 8524 
Gossypium, yields 8289 
Ifelianrhus annuus 8373 
Hordrum vulgare, yield components 
8098 
Lupinus luteus, yields 8214 
Zea mays, yields 8056 
Stechylidivm (see also Verricillium) 
S t ~ r h  
Glycine max 87 1 5 
Triricum aestlvum 7941 
Statistics 
crop plants 7806 
forest trees 8539 
genetic markers 7819 
genotype environment interaction 7801 
Hordeum vulgare 7806 
quantitative genetics 78 19 
variety trials 7801 
Stemphylirm (see also Ailernaria) 
Stma (see also Internodes) 
StwMty 
Hordeurn X Triricum 7873 
Medicago saliva, techniques 8 197 
Secale cereale %000 
Secale X Triticum, nucleocytoplasmic 
interaction 7875 
Sterdq Lycopersicon peruvianum, in virro 
selection 8664 




Glycine max 8721 
Lycopersicon esculenrum, techniques 
7845 
Pisum sativum 8 189 
Secale X Triticum 7879 
Sorghum bicolor 7857 
Triricum aesrivum, techniques 7845 
Vicia saliva 8 189 
Zea mays 7857 
Striga gesnerioides, Vigna unguiculara 
8692 
Stromotinia gladioli 
Ciladiolus 8R 12 
Gladiolus itulicus 88 12 
Sugars 
Bera vulgaris. sugarheet 8326 
Capsicum annuum 8676 
Eriohorrya japonica 8422 
Sulfur dioxide, Raphanus sarivus 8588 
Swortzia, taxonomy 8552 
Synapsis (sue Chromosome pairing) 
Synchyrriurn endobioricum, Solanum 
ruberosum 8236 
Symlesis (see Chromosome pairing) 
Synthetic varieties 
tritiale 7983 
Tiiricum aesrivum, books 7885 
Zea mays 8008 
techniques 801 1 
Tannins, Eriobolrya japonica 8422 
Taxonomy 
Bhidea borii 8 186 
Brujimonsia, books 8840 
Chusquea 8577 
Conceveiba africana 8555 
Cornus 855 1 
Cyrrocarpa 8553 
Glycine max 8731 
grasses, computer programming 8173 
Onobrychis arenaria 8209 
Onobryrhis montana 8209 
Onobrychis vici(fi)lia 8209 
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Plasmopara halsfedii 8376 
Sclerorinia scleroriorum 8374 
variety classification 8367, 8369 
Hordeum vulgare 
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selective fertilization 7878 
translocation 7925 
Triricum aesrivum 
acid phosphatase 797 1 
amino acids 7937 
anatomy 7905 
aneuploidy 7893 
anther culture 7929. 7932 
arabitol 7972 
artificial selection 
germination 791 1 
photoperlodism 791 4 
vernalization 7914 
weathering 7977 
yield components 791 X 
yields 7946 
aspartate aminotransferase 797 1 
awns 7910. 7954 
backcrossing 7868 
barley yellow dwarf luteovirus 7976 
benzyladenine 7866 
breeding 7835 
cell culture 7932 
chlormequat 7827 
chloroplast genetics, ribulose- 
bisphosphate carboxylase 7865 
chloroplasts 7892 
chromosome aberrations 7827, 7883, 
7894 
chromosomr pairing 7893, 7970 
reviews 789 1 
chromosome substitution 7893 
proteins 7890 
chromosome translocation 7867 
yield components 7902 
cold resistance 7953, 7956 
combining ability 
leaves 7904 
yield components 7904 
competition 795 1 
computer programming 7859 
cytokinins 7827, 7866 
cytoplasm 785 1 
cytoplasmic inheritance 7851 
cytoplasmic male sterility 7892 
databases 7859 
development, reviews 7906 
DNA 7953 
drought resistance 7954-7955 
Erysiphe graminis 7959, 7961-7962 
esterases 797 1 
ethephon 7827 
ethylene releasers 7827 
ethyleneimine 7882 
N-ethyl-N-nitrosourea 7883 
evolution 7850, 79 17 
Fusarium 7963 
gamma radiation 7881 
gene expression, ribulose-bisphosphate 
carboxylase 7865-7866 
gene location 
a-amylase 791 2-791 3 
awns 7909 
cnzymes 7850 




Trificum aesrivum conr. 
genc location conr. 
internodes 7908 
isocnzymes 791 3 
photoperiodism 7908 
proteins 7945 
Puccinia grominis 7850 
Puccinia recondira 7850. 7966 
seeds 7945 
yield components 7928 
genetic markers 7868. 7870 
gliadin 793 1 
glutenins 7931 
genetics 7975 
n-amylasc 791 2-791 3 
awns 7917 
chromosome pairing 7891 
enzymes 7850 
Erysiphe graminis 7850. 7964 
glutenins 7938 
height 7919, 7921 
inflorescences 7883, 791 7 
isoenzymes 791 3 
Mayeriola desrrucror 7979 
plant hairs 7869 
Puccinia grominis 7850 
Puccinia recondira 7850, 7967, 
7970-797 1, 7974 
Puccinia sfriijormis 7965 
spring and winter habit 7917 
waxes 7869 
yields 79 19 
genomes 7850 
genotype mixtures 7951 
Erysiphe graminis 7960 
Puccinia recondira 7960 
germplasm releases 
Mayeriola desrrucror 7957 
Puccinia recondira 7966 
Schizaphis graminum 7957 
soil-borne wheat mosaic furovirus 
7957 
C;ihherella zeoe 7959 
gibberellic acid 7924 
gliadin 7916, 7942 
growth regulators 7827, 7866, 7924 
heat resistance 7955 
height 7924, 7950, 799 1 
heritability 
height 7927 
yield components 7918, 7927 
heterosis 
Erysiphe graminis 7960 
Puccinia recondira 7960 
in virro culture, revicws 7930 




interspecific hybridization 7876, 7886, 




Leprosphaeria avenaria 7958 
Leprosphaeria nodorum 7958 
linkage, a-amylase 791 2 




N-methyl-N-nitrosourea 7883, 7916 
mitochondria 7892 
molecular genetics, secalin 7867 
mutagens 7827, 7881-7883, 7916, 7991 
mutations, books 7885 
Mycosphaerella graminicola 7958 
mycotoxins 7963 
nitrate reductase 7955 




chromosome pairing 7895 
meiosis 7853 
Puccinia recondira 7968 
tissue culture 7933 
yields 7922 
nucleolus organizer 7852 
nutrients 7947 
photoperiodism 7907 
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yield components 7928 
yields 7921 
polymorphism, glutenins 7915 
proteins 7903, 7937 
Pseudomonas syringae 7958 
Puccinia graminis 7959, 7972 
reviews 7973 
Puccinia recondita 7959, 7961-7962, 
7969 
Puccinia srriijormis 7959 
quality 7935-7936, 7941-7942 
restriction fragment length polymor- 
phism, glutenins 7938 
K N A  7953 
seedlings 7903 
selective fertilization 79 13 
soil pH 7946 . 
somaclonal variation 
gliadin 793 1 
glutenins 793 1 
plant hairs 7926 
spring and winter habit 7907 
starch 7941 
synthetic varieties, books 7885 
techniques 
drought resistance 7952 
Fusarium 7809 
quality 7939. 7943 
Rhopalosiphum padi 7978 
stress 7845 
variety classification 7923 
tissue culture 7894, 7932, 7934 
transposable elements 7884 
ultrastructure 7892 
variety classification 791 5 
variety trials 7860 
vernalization 7907 
yield correlations 7927, 7936 
varieties 7943, 7958 
Albidum-I I4 7953 
Don-85 7862 
Ferrugineum-I I09 7904 
Ganchun-16 7838 

















Triticum dicoecum, interspecific hybridiza- 
tion 7922 
Triricum durum 
amino acids 7937 
artificial selection, quality 7940 
chromosome aberrations 7883 
chromosome addition 7887 
chromosome substitution 7887 
computer programming 7859 
databases 7859 





yield components 7920 
heat resistance 7955 
induced mutations, inflorescences 7883 





nitrate reductase 7955 
nucleolus organizer 7852 
proteins 7903, 7937 
seedlings 7903 
Triricum militinae, interspecific hybridiza- 
tion 7970 
Triticum timopheevii 
genetics, Puccinia recondira 7970 
interspecific hybridization 7876, 7878, 
7962. 7970 
Triricum x -kegilop, intergeneric hybridi- 
zation 7874, 7877, 7892, 7898-7899, 
7933, 7957, 7966, 7968 
Triricum X Agropyron, intergeneric 
hybridization 7871, 7933 
Triticum X Elymus, intergeneric hybridi- 
zition 7897, 7900 
Triticum X Hordeum, intergeneric hybrid- 
ization 7853, 7872-7873, 8073, 8078 
Triticum X Secale (see also Triticale) 
intergeneric hybridization 7853, 7867, 
7875-7876, 7879-7880, 7888-7889, 
7893, 7895-7896, 7900, 7991 
Trypsin inhibitors 
Glyc,ine max 8725 
linkage 8701 
Tryptophan, cereals, techniques 7855 
Tubers 
Solanum berthaultii 8229 
Solanum ruberosum 8229 
Tulipa, combining ability, Fusarium 
oxysporum 88 1 1 
Tulipa gesneriana 
combining ability, Fusarium 
oxysporuni 88 1 1 
varieties 
Aristocrat 88 1 1 
Black Parrot 88 1 1 
Lucky Strike 88 1 1 
Turnip mosaic potyvirus 
Brossica 
cabbages 8602 
Chinese cabbages 8602 
Kuphanus sarivus 8602 
Twinning, Oryza sariva 8 139 
llltrastructure 
Aegilops X Triric-urn 7892 
Triricunr aeslivum 7892 





genetics 83 16 
miitations 8316 
Elymus X Triricum 7900 
Scccile X Tr i r icun~ 7888, 7900 
Solanum tuherosum 8220 
Urginea 
chromosot~~e morphology 8800 
chromosolne number 8800 
taxononly 8800 
Uromyces appendicularus, Vigna unguiru- 
lara 8690 
Ustilaginoidea virens, Oryza sariva 8 158 
Varieties (signniJicanr varieties are locared 
or the end of rhe entries for each 
crop) 
Varieties (see also Germplas~n releases; 
Hybrid varieties; Synthetic varieties) 
Variety classification 
cereals, techniques 7923 
Cvrylus, techniques 8537 
Dactylis glomerara 8 1 75 
grasses, techniques 81 72 
Ifelianrhus annuus, techniques 8367, 
8169 
~ o r d & m  vulgare 8084 
Rubus, raspberr~es 8499 
Solanun1 ruberosum 8227 
Triricum aesrivum 79 15 
techniques 7923 
Zea mays 802 1 
Variety trials 
Arachis hypogaea 8379 
Bera vulgaris, sugarbeet 83 13 
Brassica, rape 8347 
cereals 7846, 7848 
Cucumis sativus 8623-8624 
Dahlia pinnata 8796 
Dianthus caryophyllus 8780 
Gossypium 8253 
Helianrhus annuus 8364 
Hippeastrum 8797 
. Hordeum vulgare 8065-8066 
Variety trials conr. 
Leucaena leucocephala 82 1 5 
Malus pumila 8406 
Medicago sariva 8 193 
Papaver somnijerum 839 1 
Prunus persica 843 1-8432 
Ribes nigrum 8513 
Rubus idaeus 8494 
Secale cereale 7985 
Solanurn ruberosum 8222 
Sorghum bicolor 8 1 19 
statistics 7801 
triticale 7985 
Triticum aesrivum 7860 
Vitis vinifera 8527 
Vascular system 
Cornus 855 1 
Oryza sariva 8 142 
Vegetables 
chromosome number 78 17 
fungi 8580 




AIl ium salivurn 8594 
Liquidambar sryracijua 8825 
Veitchia merri l l i i  
cryopreservation 7843 
genetic resources 7843 
Venturia inaequalis, Pyrus communis 84 15 
Verbena hastara, pollination 8789 
Verbena stricta, pollinalion 8789 
Verbena urticijolia, pollination 8789 
Vernalization 
Trir irum aestivum 7907 
artificial selection 7914 
Verticill ium albo-atrum, Kubus, raspber- 
ries 8504 
Verticill ium dahliae, Gossypium hirsurunt 
8292-8293 
Vicia 
cold resistance 8 188 
drought resistance 8188 
genetic resources 8188 
Vicia jaba 
aneuploidy 8678 
breeding, reports 8830 
gamma radiation 8679 





induced mutations 8679 
polyploidy 8680 
tissue culture 8678, 8680 
varieties, Lincan-2 7838 
Vicia saliva 
breeding 8 189 
induced mutations 8 187 
stress 8189 
Vicilin 
evolution 78 15 
molecular genetics 78 15 
Vigna munRo 




gamma radiation 8694 
genetic resources 7843 
induced mutations, mung bean yellow 
mosaic geminivirus. 8694 
interspecific hybridization 8693 
polyploidy 8693 
Vigna unguiculata 
cowpea (aphid-borne) mosaic potyvirus 
869 1 
cucumber mosaic cucumovirus 8691 
Srriga gesnerioides 8692 
Uromyces appendicularus 8690 
. . 
varieties 
Santee Early Pinkeye 8689 
8301 8692 




Bhatta Ribba Black 8530 
Skibba White 8530 
Subjeci  Index 
Vitir vini 'rra 
growth period 8526. 8529 
heat resistance 8533 
quality 8526 
regenerative ability 8531 
solar radiation 8533 
tlssue culture 8531-8532 





Salba n 8528 
Waterlogging, Prunus, plums 8423 
Watermelon mosaic potyvirtp 
Cucumis sarivus 86 1 2 
Cucurhira 86 12 
Waxes 
Triricum aesrivum. genetics 7869 
Zea diploperennis 8036 
Zea maps 8036 
Zea mexicana 8036 
Weathering, Triricum aesrivum, artificial 
selection 7977 
Whefzelinia (see Sclerolinia) 
Wide hybridization 
fodder legumes 8 169 
grasses 8 169 
Oryza saliva 8 130, 8 135 
Solanum ruherovum 8220 
Wilts 
Gossypium 8249 
Gossypium hirsutum 829 1 
Wind, Pisum sarivum 8752 
Xandomonas campestris 
Rrassica, cabbages 8600-8601 
(;oss,ypium 8290 
Lycopersicon esculentum 8658 
Orvza soriva 8 158 
genetics 8 130, 8 159 
linkage 81 30 
Prunus persicu, in vilro selection 8450 





genetic variance 8595 
heritahility 8595 
Arachis hypogaea 8383 
Avena sativa 
genetic variance 7995 
heritability 7995 
Capsicum annuum, heritahility 8673 
('icer arierinum 8766 
Cucumis sarivus 
genotype environment interaction 
8626 
stability 8626 
G'!vcine, genetic variance 8704 
Glycinc niax 8702, 8713 
Glycine soja 8702 
Gossypium 8249 
Gossypium hirsutum 8275 




Lupinus luleus 821 2 
Oryza sativa 81 55 
combining ability 8146 
heterosis 8 146 
transgression 81 35 
Phaseolus vulgaris, artificial selection 
868 1 
Pinus monticola, heritability 8565 
Pisum sarivum 8760 
pleiotropy 8755 
Rihes nigrum 85 12 
Secale cereale 8006 
Secale X Triricum 799 1 
Solanurn melongena, heterosis 8666 
Solanum ruberosum, combining ability 
8221 
f i i jol ium ambiguum 8208 
triticale 7983, 7991 
Triricum aesrivum 
artificial selection 791 8 
chromosome translocation 7902 
combining ability 7904 
, gene location 7928 
: heritability 7918, 7927 
Yidd components conr. 
Triricum aesrivum conr. 
pleiotropy 7928 
7iiricum durum, genetlos 7920 
Zea mays, heritability 8027 
Yield correlations 
Avena soriva 7994 
Brassica. rape 8352-8353 
Capsirunt annuum 8673 
Cirrullus Ianarus 861 2 
Gossypium hirsurum 828 I 
Oryza saliva 8143, 8145 
Pisum sarivum 8758 
Saccharum oficinarum 8303 
7iiricum aerrivum 7927, 7936 
Yields 
Glycine max, induced mutations 8729 
~ ( ~ s s y ~ i u m  
combining ability 8289 
heterosis 8258 
stability 8289 
(iossypium hirsurum, artificial selection 
8281 
[.upinus lureus. stability 8214 
Solanum ruberosum, artificial selection 
8221 
Theohroma cacao 8344 .  
Trijolium prarense, artlhcial selection 
8203 
Triricum aesrivum 
artificial selection 7946 
genetics 79 19 
nucleocytoplasmic interaction 7922 
pleiotropy 7921 
Zea muys 
combining ability 8024, 8040 




Zea diploperennis, waxes 8036 
Zea mays 
accessory chromosomes 8028 
amino acids 8046, 8054 
reviews 8049 
anther culture 8043 
apornixis 8034 
artificial selection 8008 
Fusarium 8058 
fielicoverpa zea 8062 
inflorescences 8062 
Aspergillus ,javus 8060 
1.4-bisdiazoacetylbutane 8025, 8027 
breeding 8010, 8012-8014 
chromosome morphology 8028-8030 
climate 7857 
combining ability 
moisture content 8039 
yields 8024, 8040 
controlling elements 8021 
Diarraea grandiosella 806 1 
digestibility 8054 
embryo culture 8042 
endosperm 8047, 8049 
ethyl methanesulfonate 8018 
fatty acids 8046 
flowering 8029 




gene location, habit 7841 
genetic markers 802 1 
genetic resources 801 5 





crossing over 8032 
b-glucosidase 8023 








seed moisture 8038 
glutamate dehydrogenase 8044 
Z r a  mays conr. 
growth period 8010. 801 3-8014, 8016 




yield components 8027 
heterwhromatin 8028-8030 
heterosis 8020. 8026 
yields 8040 
hyhrid varie~ies 8012. R014. 8016-8017 
in virro selection 
amino acids 8050 
lysinc 8050 
inbreeding U009 




lysine 8046, 8049, 805 I, 8053 
Macrophomina phaseolina 8059 
molecular genetlcs 8020-802 1 
heat shock 8057 
zein 801 8 
mutagens 8018, 8025. 8027, 8041 
mutations 8026 





nitrogen 805 1 
nitroso compounds 8027 
nutrients 80.51 
oils 8046 






respiration 805 1 
silage 8052 
silver nltrate 8042 
somaclonal variation 8045 
stability, yields 8056 
stress 7857 
synthetic varieties 8008 
techniques 
breeding 8008, 801 1 
digestibility 8052 
lodging 8037 
pollination 801 1 
synthetic varieties 801 1 
tissue culture 8044 
transposable elements 8022 
variety classification 8021 
waxes 8036 
varieties 801 5-801 7 
Bukovinskil-12TV 801 2 
Bukovinskil-I4ATV 801 2 
Bukovinskir-IHTV 801 2 
Moldavskil-29 1 8056 
Moldavskil-391 MV 8056 
Moldvaskii-425MV 8056 
NZl A 8039 
Zea mexicana, waxes 8036 




gene expression 801 8 
genetics 8055 
induced mutations 8018 
molecular genetics 801 8 
mutations 8055 
Zinnia  elegans, varieties, Sombrero 8783 
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